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ABSTRACT

The two-fold purpose of the experiment was to
determine the ease with which Navy recruits adapted
themselves to various watch schedules, some now in
use, others experimental, as judged by their diurnal
body temperature cuvrves, and to discover the existence,
if any, of a correlation between body temperature and
alertness, as indicated by performance in several tests
and in other aspects of behavior.

Kesults obtained on Y subjects indicated a vari-
ability in adjustment, the latter more complete the
less the modified schedule of watches differed from the
shore routine of activities. On the rotating (dogged)
schedule of watches the pattern of the diurnal body
temperature changes was the same as on a shore routine.

Color naming, gpd to a lesser extent reaction time
and Link ¥rainer performance, showed a diurnal variation,
particularly on the dogged watch routine, the only one
which permitted testing around the clock. Although the
results were not always clear-cut, in a general way,
the higher the body temperature, the better was the
performance.

Among other findings were the constancy of rank in
performance, the existence of individual body tempera-
ture levels, variation in coffee consumption, and the
interrelation among performance, body temperature, and
cof fee drinking.




INTRODUCT ION

The operation of a warship under way involves a round-the-clock
schedule of activities, necessitating the division of the personnel
into several sections. There are usually three or four watch-standing
sections, depending on the size of the crew and type of vessel. The
average number of hours of duty varies from six to eight per day, in
two watches, and the watch schedule is either fixed for the duration
of the cruise or rotated among the several sections by being "dogged”
at certain hours. Is one of these two watch routines more corducive
to alertness at different hours of the day and night? Is it possible
to devise other schedules that would be superior to those now followed?

The pertinence of these questions stems from cbservations on
variations in alertness and performance of laboratory subjects tested
over the successive hours of their usval daily routine of living.
Contrary to popular opinion, one is not at his best, or most wide-
awake, in the morning, after a "good night's sleep”, Immediately upen
getting up, one’s efficiency of performance is, as 2 rule, about as
low as it was the night before, prior to going to bed. During the
day, however, there is a gradual improvement in alertness, with a
plateau or distinct peak in the middle of the waking period, and this
is followed by a decline in performance to a bed-time low. Further-
more, while a person kept avake for several days shows progressive
deterioration, there is a daily waxing and waning in both alertness
and performance. His performance is better, and it is much easier
for him to stay awake, in the afternoon of the third day than it was
in the middle of the second night of complete deprivation of sleep.
These observations demonstrate the presence and persistance of a
diurnal rhythm of alertness. It has been shown that this rhythm is
associated with the establishment and maintenance of a fairly stable
diurnal body temperature curve. When the body temperature reaches
its daily peok, the individual is alert and his efficiency is high.
Conversely, 1in the early hours of the morning, when the body tempera-
ture is at its lowest, it is almost impossible to remain awake, let
alone perform efficiently. As would be expected, the diurnal body
temperature rhythm is absent at birth and owes its development to
the imposition (and later, free acceptance) of a daily schedule of
hours, characteristic of the family and community pattern of living.
This temperature rhythm can ve shifted, inverted, shortened, or
lengthened, by appropriately modifying one’s routine of work, play,
meals, and sleep (1).

A method is thus available for gaging diurnal variations in
alertness and efficiency indirectly, by reading the body temperature
at different hours of the day and night, rather than employing time-
consuming performance tests which, in themselves, are likely to
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interfere with, or disrupt, the scheduled activities of the persons
studied. In applying this method to the evahmtion of existing or
proposed watch schedules for a warship’'s personnel. it is necessary,
first, to determine the presence of an association between watch
routines and distinct diurnal body temperature patterns, and,
second, to test the validity of the body temperature method as a
measure cf alertress and ability to perform under conditions,
identical with, or closely resembling, those prevailing on board
ship.

That characteristic diurnal body temperature patterns are
established as a result of following particular watch routine was
demonstrated in studies on submarine crews Of all fighting ships,
the submarine offers the most favorable combination of factors
conducive to the development of a maintained shift in the sleep-
wakefulness cycle and therefore in the body temperature curve. Each
of its three watch sections stands two 4-hour watches, separated by
eight hours of free time, daily, and the watch schedule is usually
fixed for the duration of the cruise. The men are permitted to
sleep during either or both of the 8-hour breaks between watches,
and, since practically all activities are carried on under artficial
illumination, the differences between astronomical day and night
are minimized, though not entirely absent. Thus, the meal hours on
board a submarine are practically identical with those maintained
in shore establishments, breakfast, for instance, being served in
the morning, which coincides with the getting-up time of only one
of the three watch sections.

Observations made on the personnel of the USS DOGFISH(SS 350)
during a 16-day cruise revealed a highly skewed distribution of the
hours of wakefulness (and sleep), meals and recreation activities
(reading, writing, playing of games) in all three sections(2). The
incidence of voluntary wakefulness was much greater in the afternoon
and evening than during the night and morning hours. The diurnal
body temperature curves of a representative sampling from each
section were bimodal, with two uneven peaks, the higher of which
was reached in the afternoon or evening. By contrast, members of
the crew who were not required to stand watches exhibited typical
unimodal diurnal body temperature curves, with lows during the
conventional sleeping hours of the night.

As a result of this study, it was suggested that experiments be
conducted with a new schedule of "close" watches. The schedule
called for placing all the eight hours of duty within about one-half
of the 24 -hour period, allowing a long unbroken sleep of eight to
ten hours' duration. It necessitated splitting the eight hours into
three watches, instead of two, as with the " 4-on, 8-5ff" schedule




It was also proposed that the meal hours be rearranged so as to
furnish breakfast, dinner, and supper to each watch section in their
customary relation to hours of duty.

A slightly modified form of the close watch schedule was tried
out by Utterpack and Ludwig (3) during a three-week submarine cruise.
The "4 -on, 8-off" schedule was followed concurrently on another
submarine for comparison. Body temperature data from the personnel
of the stbmarine that observed the experimental close watch routine
revealed the rather prompt development of three distinct unimodal
body temperature curves, with plateaus corresponding to the middle
of the waking period of each watch section. There was also a
pronounced diurnal body temperature swing, and, most impecrtant, the
temperatures tende o rise before the beginning of the first watch
of the "day"- On the _ubmarine where th: present "4-on, 8-of f" watch
schedule was observed, the body temperature curves of the crew were
himodal, resembling those obtained in the previous study on the USS
DOGFISH. It appeared, then, that, in spite of some short-comings
in the close watch schedule, as actually tried, body temperature
data, under this schedule, indicated a greater alertness during
the hours of duty than under the "4-on, 8 off" system. There still
remained, however, the question of the validity of the L«dy tempera-
ture method itself.

The present investigation was undertaken with a twofold purpnse.
First, it was intended to have the same group of subjects, drawn
from regular Navy recruits, successively follow several different
watch schedules and use the distribution of hours of sleep and the
shape of the diurnal body temperature curve as indices of the speed
and completeness of their adjustment to each routine. Second,
because the validity of the body temperature method has been estab-
"lLished on civilians, usually students, undergoing relatively simple
manipulative tests, 1t was considered imperative to reevaluate this
method under conditions closely resembling the performance of
regular duties by service personnel.

SUBJECTS, EXPERIMENTAL DESIGN, AND METHODS

Ten recruits, 17 to 25 years of age, all single, were assigned
as subjects to this project. After a trial of two weeks, they were
given an oppcrtunity to ask for a transfer to other duties, and one
man did so. In this manner a pctential malcontent and pessible
disruptive influence was removed from the group and more complete
cooperation of the remaining nine subjects assured. Evidence of the
latter appeared at the end of the experiment, when each of the
subjects, interviewed individually, expressed a willingness to submit
to further testing, if the period of observation were extended
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The men were housed in the Diving Building of the Institute. A
large room on the first floor, equipped with reading matter, games,
and radio, was available for lounging. Wash room, showers, and toilet
facilities were located on the same floor. Immediately above were the
sleepin, quarters - a large, windowless, well-insulated simulated ship
berthing compartment, with bunks arranged in tiers of three along two
walls. As the subjects were expected to have to sleep at unusual
hours, often in the middle of the day, while on certain watch routines,
changes 1n duration and quality of their sleep might be the result of
differences in the temperature of the sleeping compartment rather
than modification of the routine. The compartment, therefore was
air-conditioned, with the ambient temperature at 77-78 degrees F. dry
bulb thermometer, 66-67 degrees wet bulb, and relative humidity
varying from 50 to 60 per cent ("effective temperature” of 72 degrees).

The composition and schedule of meals were those customary to
shore installations of the Navy. In addition, when certain watch
schedules involved "long" sleeps through the morning or evening meal
hours, the subjects could partake of midnight meals. While on
liberty, the men often had extra snacks and occasionally consumed
alcoholic beverages.

The subjects were instructed to take and record their own oral
temperatures, by means of clinical thermometers and with suitable
precautions against spurious readings, ten times per 24 hours. This
was done at regular 2<hour intervals throughout the waking period
and once in the middle of the "long' sleep, which was artificially
interrupted for that purpase., Their oral temperatures were also
taken while they were being tested, usually four times per day.

By a simple system of marks ¢nd code letters, each man was
required to enter into a daily data sheet {see Appendix) a complete
account of his activities, watch hours, onset and termination of
"long ' sleep and short naps, food and beverage intake, attendance
at movies, etc. To insuie prompt and accurate record keeping, as
well as for general administrative and disc.plinaiy purposes, the
subjects were placed in charge of two petty officers, who shared
their sleeping space and one of whom was always in attendance.

Performance testing was confined to five days per week, Monday
through Friday, except where the watch schedule required uninterrup-
ted daily sampling. Lilerty was granted in the evening hours, after
supper, 1f no watches were scheduled for these hours, and also during
week-ends, usually to two men at a time. In general. a balance was
kept between the requirements of the experiment and the s. .1l needs
of the subjects, in order to insure compliance and cooperation. It
was not considered feasible to make the living conditions a strict
imitation of those prevailing on board ship, and that was one of -
the inevitable short-comings of the experimental set-up.
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An entirely different kind of short-coming resulted from the use
and possible abuse cf coffee as a stimulant. For purposes of compari-
son, it may have been better either to prohibit the use of coffee, or
to regulate its consumption so that the same number of cups would be
drunk in relation to the hours of wakefulness of each of the several
watch routines. However, because of the traditional availability of
cof fee to Navy personnel at all hours, it was decided that unrestric-
ted consumption of coffee would be allowed, regardless of the watch
schedule followed. Care was taken to keep an accurate time reco:d
of coffee drunk by each subject for possible clews concerning varia-
tions in alertness, expressed by an unequal consumption of coffee
at different hours, during each of the several watch schedules.

Four watch routines were followed interchangeably in eight periods
of observation, of two to four weeks each, with a total duration of
five months (April through August 1949). As a general control, a
shore ("office”) routine, watch hours being 0800-1200 znd 1300-1700,
was kept for two test periods: 1, of four weeks, 11 Apr to 6 May,
when the outside temperature was lowest, and VI, of three weeks,

18 Jul to 7 Aug, at the height of the summer heat. A rotating watch
schedule was used during Period II, 7 May to 27 May, involving daily
changes in the hours of duty and continual testing during successive
watches, without any week-end interruption. By this schedule, followed
on large surface warships, each ot the four watch sections puts in
24 hours of duty in 96 hours of elapsed time, or sn average of six
hours per calender day. The 1600-2000 watch is usually split, and
thus the watch is "dogged” each day by a different section. The
subjects of this experinent represented one watch section, and their
hours of duty are shown graphically in figure 2. By the "4-on, B-off"
schedule of watches, at present in use on submarines and small
surface vessels, the crew is divided into three watch sections,
necessitating 8 hours of duty for each section, and the watch hours
are fixed for the duration of the cruise, or, at the least, for one
week. Two test periods, each of two weeks' duration, were given over
to this routine with watch hours of 0000-0400 and 1200-1500 during
Period III, 4 Jun to 18 jun, and 0800-1200 and 2000-2400, during
Period V, 5 Jul to 21 Jul. Three different close watch schedules,
with watch hours between 0800 and 2000, 0000 and 1200, and 1200 to
2400, respectively; were followed during three two-week periods: IV,
19 Jun to 1 Jul; VII, 8 Aug to 21 Aug; and VIII, 22 Aug to 2 Sep.

To detect variztions in alertness, as indicated by the speed and
accuracy of performance, a 20-minute stint of "lind flying" on a
Link Trainer was required daily of eight subjects (the ninth having
joined the group too late to be properly indoctrinated in the
operation of this device). Aside from imitating the operations of
an airplane pilot and thus qualifying as a type of activity expected
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of service personnel in the performance of thei: military duties, the .
task of properly running a trainer demands continous vigilance and

sipultaneous attention to many details fo kecp vithin prescribed

tolerances with respect to fluctuations in the reedings of the indica-

tor instruments the subject must couple a sustained memal effort with

finely coordinated muscular skills that can be acquired enly by

personal experience. It took ail of a month, befcre the indoctrina

tion of the subjects was considered adequate for scoring purposes, -
but further. although progressively slower. improvement in performance
could be discerned until the very end of the ¢:iperiment The partic-
ular experimental Link Trainer used was equipped with five electric
scoring timers Four of these would be set in motion by the maintenance
of the required standard of performance as regards air speed, pitch,
bank, and rate of turn respectively. while the fifth ("simultaneous™)
ran oniy whea the four individual ones were activated at the same time
It was thus possible to run up high scores on the separate timers by
alternately concentrating one 's attention to the several dials, without
much of a score on the simultaneous timer The readings of the latter,
accurate to within thousandths of a minute, were therefore used as
indices of all-around performance The scores. expressed in minutes
run up on the silmulateneous timer in 20 minutes of "flying". varied
from zero to a theoretical maximum of 20, higher scores indicating
better performance Ten subscores. obtained by making ten successive
timer readings at 2-minute intervals, furnished additional information
on the uniformity of trainer operation It required about four hours.

or a whole watch period, to put the eight subjects through their
trainer runs

Two subsidiary tests were employed as indices of short term ’
attention and the ability to maintain neuromuscular activity for a
few minutes Neithier test required dexterity or integrated synergy.
and practice levels were reached after a few trials They were
essentially responses to visual signals previously shown to vary
diurnally and with changes 1n iody temperature (1)  For one reaction
ti~ to a combination of lights. the subject was required, upon the
appearance of red light "get ready” signal. to watch a panel with
nine (three rows of three) unlit electric lamps, while resting his
hands lightly on two keys placed. respectively to the right and
left of the panel  After two seconds, some of the lamps would light
Jp in accordance with a series of random combinations followed by
the observer in introducing o- removing some of the lamps from the
Light circuit and the subject had to press the key under his right
hand 1f total number of lights (usually varying from five to eight)
#as even and the one under his left hand when the number was odd
The reaction time apparatus available at the Institute (4) was modified
to enable the observer to detect errors in the proper choice of the
response key. as only when the correct key was depressed by the subject
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would an electric timer, started simultaneously with the turning on
of the stimulus lights, be stopped. Reaction time was measured in
hundredths of a second and, hecause of the delay introduced by the
necessity of counting the lights, varied from less than one half of
a second to more than a second and a half. With the time needed to
reset the combination of lights, a run of fifteen reaction time
trials required about five minutes, during which the subject took
his oral temperature. All nine subjects were given this test twice
during a 4-hour watch, or four times per calendar day.

The other minor test involved the rapid consecutive naming of
the colors of one hundred haif-inch squares (ten rows of ten),
painted in ten different colors and in randomized arrangement on
a large cardboard. The time taken for cailing off the one hundred
squares was determined by means of a stop-watch. Then the cardboard
was turned 90 degrees, and a new arrangement of the colo:s was
obtained. This was done repeatedly until a total of 600 colors was
named. In a sense, the color-naming test was a verbal reaction time.
but several successive stimuli could be perceived in advance. This
test, run on each subject as soon as he was through with the reaction
time to the lights, also required about five minutes per person.

RESULTS

Body temperature, consumption of coftee, and the distribution
of hours of sleep and wakefulness.- The degree of adjustment of each
individual, and the group, as a whole, to the several routines of
living and schedules of watches can best be judged by simultaneously
examining the data on these three variables for each of the eight
periods of observation.

Period I, shore routine, hours of duty, 0800-1200 and 1300 1700
extended from 11 Apr to 6 May It was a period of indoctrination for
the operation of the Link Trainer. but provided, at the same time, a
"normal” or control oral temperature pattern Each subject and the
entire group yielded mean diurnal body temperature curves (fig 1) typical
of the shore routine of living: minima between 0200 and 0600, sharp
rises on getting up in the morning, peaks in the afternoon. followed
by moderate descents in the evening, and steep falls after bed- time
The ranges of the diurnal temperature curves of the nine subjects
varied from 1.82 to 2 36 degrees F., with a group mean of 2.00 not
much larger than the range of mean diurnal curve of the group which
was 1.94 (fig. 1). The individual mean curves for the period were
thus practically superimposable on each other, coinciding a little
better at their minima than maxima Coffee consumption was low and
except for breakfast time, confined to watch hours. The average
duration of sleep was 8.11 hours per man night, the hours falling
largely between 2200 and 0600
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Period II, dogged watch routine, hours of duty rotating around
the clock (fig- 2) and a complete cycle of 24 hours of watches in
96 hours of elapsed time, ran from 9 Mey to 27 May. Only during this
period was it possible to plot separate diurnal curves for on-duty
and off-duty hours (fig. 3). although the apparent continuity of the
curves 1is somewhat misleading, as adjicent parts of the several
watches were necessarily based on data obtained 24 hours apart. How-
ever, such as they are, the patterns of the two mean group diurnal
body temperatuse curves do not differ from that of the control period.
except for the distinct minima at 0400 (no temperatures taken at that
hour during Period I) and plateaus, rather than peaks, during the
afternoon and evening hours. As the off-duty temperature curve is
based on figures obtained during sleep as well as wakefulness, its
night-time minimum is much lower than that of the on-duty curve. It
also may be seen that only at 1800 was the mean group on-duty oral
temperature lower than the off-duty one. This was probably due to
the fact that no Link Trainer exercises were scheduled during the
two 2-hour watches, 1600-1800 and 1800-2000, and during these hours
the subjects were often more active when of f-duty. When not split
up into on- and off-duty figures, the mean diurnal body temperature
ranges of the subjects varied between 0.91 and 1.36 degrees, with a
group mean range of 1.19 degrees, which bore the same ratio to the
range of the mean group diurnal body temperature curve, 1.13 degrees
(not shown in fig. 3), as did the corresponding values for Period I.
In other words, the nine subjects behaved alike during the two periaods.
The sharp decrease in the range of the diurnal body temperature curve,
from 1.94 degrees in Period I to 1.13 in Period II, wac probably
caused largely be the seasonal rise in the external temperature. When
plotted separately for successive complete four-day cycles, the ranges
of the mean diurnal body temperature curves can be seen to decrease,
the minima climbing more steeply than the maxima (fig. 4). As will be
shown in succeeding baly temperature curves, the seasonal influence
on body temperature was manifested during the remainder of the summer.

Much more coffee was ccasumed during the hours of duty than in
the other hours of the day and night. The marked decrease in on-duty
coffee drinking between 1600 and 2000 corresponds to the 1800 notch
in the body temperature curve and is likewise probably due to the
fact that the men were away from the Link Trainer quarters during those
hours. Allowing for the hours of sleep, which must be subtracted from
the off-duty fraction of the day, over four times as much coffee was
consumed during on-duty hours as during off-duty hours, with the
greztest consumption during the 0000-0400 watch.

The sleep pattern is markedly different from normal. The line at
the 25 per cent level (fig. 3) represents compulsory wakefulness
imposed by the demands of the round-the-clock watches, thus allowing
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a maximum of 75 oer cent in the distribution of the voluntary sleep
and wakefulness hours. That percentage of occurrence of slecy- was
almost reached between midnight and 0600. In other words Juring
the conventional sleep-time, the subjects were nearly always asleep
if off duty, vhereas in the afternoon and evening very few cared to
sleep. This, as already alluded to, is reflected in the separation
during the night, and the superimposition in the afternoon and
evening, of the mean on-duty and off-duty body temperature curves.
The mean durstion of sleep per man per 24 hours was 8.66 hours, over
one-half of an hour greater than the control figure.

Period III, "4.on, 8-off" routine, hours of duty, 0000-0400 and
1200-1600, covered two weeks, 4 Jun to 18 Jun. The ranges of the
individual mean diurnal body temperature curves varied from 0.93 to
1.64 degrees, and the mean range, 1.25 degrees, bore a slightly higher
ratio to the range of the group mean diurnal curve, 1.16 degrees,
indicating a lesser consistency among the individual curve than
during Periods I and II. The shape of the diurnal curve (fig. 5),
however, does not reveal any bimodality such as was previously found
in the curves of submarines® crews operating on the same watch rou-
tine (2,3). The minimum temperature is shifted to 0800, for the
group as for each subject, and coincides with the middle of the
prevalent sleep period. The maximum of the mean group body tempera-
ture curve 1s at 1800, with individual maxima extending from 1400 to
2000. As regards the group body temperature during watch hours, it
is low (just above 98.00 degrees) and falling between midnight and
0460, definitely higher and rising between noon and 1600. Next to
the dogged watch routine, this schedule led to the biggest difference
between the group body temperatures for the two watch periods

Consumption of coffee vas highest during this than during any
other routine, with 76 cups per week drunk while on duty. Of these,
54 were consumed between 0000 z2:d 0400, and only 22. from 1200 to
1600, a ratio of 2.4 for the two watches.

In the distribution of sleep and wakefulness, a fairly solid
sleep area can be discerned between 0400 and 1200, and a much lighter
one, between 1690 and 2400. The inequality in the incidence of sleep
during the two off-duty pericds is probavly responsivble for the lack
of bimodality in the diurnal body temperature curve. The mean

duration of sleep per man per 24 hours was 8 48 hours. about 20 min-
utes greater than awing period [.

Period IV, close watch routine, hours of duty, 0800-1100, 1300 -
1600, and 1800-2000, extended from 19 Jun to 1 Jul The ranges of
the mean individual diurnal body temperature curves varied from 1 09
to 1.66 degrees, and the mean range was 1.33 degrees. The range of
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*h~ mean group curve (fig 6) was 1 25 degrees. and the p:ttern of the
curve resemnled the control one, except that its range was smaller and
the prak occuried later While the body temperature continued to rise
during the first watch of the day it was fairly constant during the
other two

Less coffee was drunk during this period than during any other,
Periods JII amd IV representing extremes. in this respect Out of
43 cups drunk during Period IV, however 28 were consumed before 1000,
when the body temperature was still low

The distribution of hours of sleep and wakefulness was about the
same as under the shore routine. but the mesn duration was distinctly
smaller. 7 5 hours per man per 24 hours, as compared with 8.1. Perhaps
the extension of duty to 2000 was responsible for the tendency to go
to bed later than usual during these two weeks.

Per-od V, second "4 on 8-off" routine, hours of duty, 0806-1200
and 2020-2400, ran for two weeks. from S Jul to 17 Jul. The ranges of
the individual mean diurnal body temperature curves varied from 0.98
to 1 47 degrees and the ratio of the mean range, 1.29 degrees, to the
range of tue mean group curve, 1.19 deygrees, was exactly the same as
in Period III. when the same routine was followed. Again, as in
Period III, there was no bimodality in the group diurnal body tempera-
ture curve (fig 7). and the cause here, too, can probably be found
in the unequal incidence of sleep during the two off-duty periods.

The minimum temperatures occurred at 0400, in the middle of the solid
sieep area, with the maxima somewhat scattered, and the usual drop

in bodly temperature between 2000 and 2400 largely absent Otherwise,
the diurnal temperature pattern during these two weeks was "normai",
this timing of the "4 on. 8 off" schedule of watches falling essentially
within the usual waking hours of the shore 1outine of living.

Cof fee consumption as in the first "4 on, 8-off" routine. was
largely confined (except fo: the breakfast hours) to the two daily watch
periods Again. the greater number of cups was drunk during the night
watch. although the disparity between the amount taken during the two
watches was less marked than in Period III  The fine holding up of
the body temperature between 2000 and 2400 mcy have had some connection
with the coffee 1ntake

The distribution of the hours of sleep and wakefulness was about
as unequal as in Period IITI  However tlie sleep area at night was a
little mote solid, and the afternoon naps were somewhat symmtgrical
about 1500 1600, whereas during Period III with sleep possible
between 1600 and 2400, s incidence was greatest late in the evening
The mran duration of sleep per man per 24 hours was 8 55 hours,a full
hou* over that of the preceding two weeks, but not much different
from the 8 48 hours of Period III
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Period VI, » repetition of the shore rouiine. hours of duty,
0800-1200 and 1500-1700, lasted three weeks, from 18 Jul to 7 Aug
The main reason for instituting the shore routine once more was to
determine whetker the marked decrease in the diurnal body temperature
range, first noticed in Period II and persisting in all the subse.
quent periods, was related to deviations from the "normal" character-
izing the several routines or was a seasonal effect of higher
environmental temperatures A glance at th: mean group diurnal
body temperature curve for Period VI (fig. 8) at once reveals that
the latter explanation is the ccrrect one. With a mean external
temperature, from 18 Jul to 7 Aug. of 82.6 degrees, the ranges of
the i1ndividusl meen diurnal body temperature curves varied from
1.06 to 1-60 degrees This is to be compared with a variation in
range of from 1.82 to 2 36 degrees in Period I. when the mean external
-emperature, from 11 Apr to 6 May, was 61 5 degrees. The ratio of
the mean of the individual body temperature ranges for Period VI,
1.30 degrees, to the range of the group curve for the same period
1.20 degrees, was also more like those obtained in Periods III, IV,
and V, than that of Period I. The pattern of the group mean diurnal
body temperature curve for Period VI, while resembling that of
Period I during the night hours shows a shift in the incidence of
maximum temperature toward 1800 which is another characteristic of
the temperature curves following Period I  The general effect of the
rise of over 20 degrees in environmental temperature becomes very
clear when one superimposes the diurnal body temperature curve for
Period I upon that for Period VI (fig 9) The mean difference in
the group body temperatures for all ten daily readings is 0.35 de-
gree F., and its "t" value of 4 48, using Fisher’s method (5) makes
it statistically highly significant, with a probability of less than
1 in 100 of its being due to chance (P(()Ul) Compar ing separately
the daytime (1000 1800) and night body temperatures. one gets mean
differences of 0 17 degree ("t" value of 3 68) and 0 53 deyree
("t" value of 5.72), respectively each, like the 24-hour mean
difference, statistically significant (P¢0 01) The predominately
night-time seasonal elevation of body temperature appears all the
more striking when one recalls that the subjects ' sleeping compart
ment was air-conditioned and maintained at exactly the same tempera
ture during the two periods in question

The consumption of coffee was greater during these three weeks
than in Period I. and there was a disparity between the morning and
afternoon watches, with more coffee drunk in the former

The distribution of the hours of sleep and wakefulness ts almost
identical with that of Period I, as is the mean duration of sleep per
man-night - 8.05 hours compared with 8.11 hours ior Period I

11
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Period VII, second close watch rcutine, hours of duty, 0000-0200,
0400-0700 and 0900 1200 ran from 8 Aug to 21 Aug This was the only
routine that called for an almost complete inversion of the normal
diurnal body temperature curve as the time available for sleep was
from noon to midnight. Although the lowest diurnal temperature was
teached at the unusual hour of 1600 (fig. 10), in the middle of the
sleep period. there was no inversion of the curve as a whole, as the
highest temperatures, instead of occu?ing in the middle of the pre-
scribed waking period, were reached only toward 1ts end, at noon.

In fact, a distinct inflection can be seen i1n the mean group curve at
0600. the usual getting-up time The sudden rise in body temperature
between 0600 and 0800 was found in every subject’'s mean diurnal curve,
and was statastically significant for the group. It undoubtedly
tepresents a persist@nce of the well.estavlished morning temperature
upswing, added to the unusually high temperature resulting from
being awake and active from midnight on. Another indication of the
absence of an adequate adjustment to this routine was the small
diurnal temperature range The individual ranges in body temperature
varied from 0 59 to 1 15 degrees, with a mean of 0.89, while the
range of the group diurnal body temperature curve was 0.84 degree.

The rate of consumption of coffee during this period varied
almost inversely with the body temperature. being highest between
0000 and 0400 and decreasing stepwise in the two succeeding 4-hour
intervals

The distribution of sleep between noon and midnight 1s somewhat
bimodal, with one maximum at 1500 1600 and another, smaller one, at
2200-2300. Howeve:r there is no sol:d area of sleep at any time,
and the mean duration of sleep per man per day was 8.4 hours, not
much higher than the control figure

Period VIII, third close watch routine, hours of duty, 1200-1500,
1700 2000, and 2200 2400, extended for two weeks, 22 Aug to 2 Sep,
and was complementary to the routine of Period VII  This toutine
required less of a shift 1n the usual hours of sleep. and the adjust-
ment of the diurnal body ‘emperature pattern was much better than
during the preceding two weeks The ranges of the individual mean
diutnal body temperaturc curves were larger varying from 1.08 to
1 43 degrees, with a mean tange of 1 26 degrees  The range of the
mean curve of the whole group was 1 20 degrees, showing a fairly
good consistency among the individual cuives The body temperature
peaks we-e grouped about 1800, a feature common to other warm-
weather curves  The temperatures wese low and rasing during the
first watch high and stable during the othe: two resembling the
first close watch routine Pe:iod IV 1n this respect (fig 11).
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Consumption of coffee did not quite follow the pattern established
in other periods, but the large number of cups drunk between 2000 and
2400 may have been instrumental in checking the usual downturn of the
body temperature curve during the pre-midnight hours.

The distribution of the hours of sleep, which was, as in Period VII
confined to the 12 off-duty hours, this time from midnight to noon,
shows a more solid area of sleep than any preceding period. There being
no competition between need for sleep and the timing of social and
recreational activities, as was the case in Period VII, those who were
willing to forego breakfast slept through the entire morning. The mean
duration of sleep per man-night was 10 1 hours, the highest of any
period and exceeding the control value by two hours.

Performance on the Link Trainer Involving as it did a combination
of native muscular dexterity, an ability to acquire skill by experience,
and a capacity for sustained effort and attention, performance on the
Link Trainer varied greatly from one subject to another (table 1).
Period I, as already mentioned, was devoted to indoctrination, and
during Periods VII 2nd VIII some of the subjects operated the trainer
for a different type of test. Performance scores, the time run up on
the "simultaneous” timer in 2U minutes of operating the Trainer, avail
able for analysis, were therefore limited to Periods II to VI, inclusive
The first striking feature of the performance during the several periods
was the fixity of the rank held by each subject. Indeed, the rank order
correlation coefficient of the subjects from one period to the next was
never less than 0.929. A second feature was the improvement of per-
formance with practice. This was very marked. when one compares the
group and individual scores for Period I1I with those for Period II
but the increment during Period IV was almost negligible. Becanse some
subjects’ mean scores were getting rather close to the theoretical
maximum of 20, the tolerances were narrowed. and this led to a severe
drop in the mean scores during Period V, followed by a slight increasc
in Period VI, without, however. interferin g with the ranking positions
of the subjects. A third feature was the association betwecn the mean
interperiod scores of the subjects and the coefficients of variation
of these scores The correlation coefficient between these two scts
of figures was -0 8721, ststistically highly significant (P €0 01)

It is interesting to note that the correlation coefficient between the
same interperiod mean scores and the reciprocals of their coetficients
of variation, now positive, was even higher 0.9484 In any case the
higher a subject's mean interperiod score, the less his several period
scores varied. This association between the magnitude of a mean score
and the variability of the individual scores can be detected all the
way down the line: it applies to the mvan period scores and intertest
variation. and also to the individual test scores and the intratest
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variation of the ten 2 minute subscores. Such an association is, of
course. 1nevitakle when the scores, individual or mean, are close to
the maximal theoretical values A subject who runs up 19 minutes on
the simultaneous timer while operating the Link Trainer for 20 minutes
cannot possibly vary much from the mean subscore of 1.9 in successive
2-minute intervals, whereas another subject, with a test score of 3
and a mean subscore of 0 3 can easily show several subscores of zero
and one or two of 1. In the performance of these subjects, however,
the inverse relationship between performance and variability held for
all scoring levels, from highest to lowest. Uniformity or steadiness
of performance on the Link Trainer thus went with excellence and
should serve as an index of achievement, when the scores, because of
the considerable intersubject variation, do not lend themselves
easily to group treatment

To overcome the dispatity among the scores of the several sub-
jects  each person's mean score for the period was designated as
100 per cent and all his individual test scores for that period were
expressed as percentages of the mear score. By averaging the per-
centage scores of all eight subjects during a given watch, a group
score for the particular watch was obtained It was thus possible to
compare Link Trainer pesformance as it vatied from one watch to
another even though one subject’s test score was 5, and that of
another was 15. In addition, uniformity of performance. as indicated
by the coefficients of variation of the mean subscores for the ten
2-minute 1intervals of the 20 minute test, could also be used on a
percentage basis. Irrespective of the absolute value of the test
score, the mean subscore was always 10 per cent, and :ndividual sub-
scores slightly or considerably higher or lower than 10 per cent.
Thus mean group subscores for successive 2-minute intervals could
be obtained by averaging corresponding individual percentage sub-
scores. for a single test for all the tests of a period, or even
for all periods put togethe: Employing this double method of
evaluating Link Trainer performance, one finds the percentage sub-
score variation from one watch to another a little more clear-cut
than the percentage complete score variation

Period 1I, dogged watch soutine, was the only one in which
performance scores for five different 4 -hour watches are available,
although - it should oe emphasized onc: more - no two watches were
actually contiguous Performance was best during the 1200-1600 watch
when the body temperature was highest. the group percentage mean
score being 110 and the subscore coefficient of variation, 31.0 per
cent (fig 12) Next best Link Trainer performance was not, however,
during the 2000-2400 watch, as could be expected from the diurnal
body temperature cutve (fig 3) The score during this watch was 99
and the subscore coefficient of variation 49 9 per cent, while next

14




to the best performance occurred during the 0000-0400 watch. when the
vady tenyerature was much lower (a percentage mean group score of 107
and a suvscore coefficient of variuation of 41.6 per cent). On the
other hand. the score for tic wibos uhuu watch was 95, and the subscore
coefficient of variation 47 1 per cent Least fitting was the score
during the 080u-1200 watcli - only 88, and the highest subscore coeffi-
cient of variation - 52.6 per cent In other words, Link Trainer
performance scores during the dogged watch routine did not vary with
the body temperature of the subjects. However, the greatest intrawatch
variations in performance were observed during the two night watches.
With the body temperature falling, performance was much worse from
0200 to 0400 than from 0V00 to 0200, while during the next watch, when
the body temperature was rising. performance was better between 0600
and 0800 than between 0400 and U600. The only thoroughly consistent
variation during Period II was in the subscore coefficients of varia-
tion, which were smaller the higher the group mean score.

Somewhat better agreement with body temperature prevailed in the
other four periods. In Pericd III (fig. 5). performance scores were
decreasing during the V000-0400 watch when the body temperature was
falling and improving during the 1200-1600 watch when the body tempera-
ture was rising. With the rise in the absolute group mean performance
score (from 7.26 in Period II to 13.02 in Period II1), there was also
a tremendous increase in the uniformity of the subscores, as shown by
the decrease in their coefficients of variation. There is alsc 1
marked dissociation between the subscore coefficients of variation
fat the twn watclies - 15.7 ;or cent 2l & 5§ per cent - in favor of
the afternoon watch.

In Period IV (fig. 6), the group avsolute mean score rose only
slightly over that for irriod II1 and was now 13 50 minutes. The
close watch routine foliowed during this period did not permit the
testing of all the subjects during a single watch, but for the first
Link Trainer run, vetween 0800 and 1400, when the body temperature
was rising from a morning low, the subscore coefficient of variation
was 10.4 per cent, while for the secomxl run, between 1400 and 2000,
with the body temperature high and steady. the suwscore ceefficient
of variation was down to 5 68 per cent practically the same as for
the 1200-1600 tests of Period III

As previously stated, the Lin: Trainer tolerances were narrowed
at this juncture and the consequences of this step can be seen not
only in decreased avsolute mean group scores, but also in the simul-
taneous increase in the subscore coefficients of variation, during
Periods V and VI. In Period V (fig 7). for the 0800-1200 watches,
when the Lody temperature was low, the subscore cocfficient of
variation was 18.8 per cent, but it dropped to 12 3 per cent for the
2000-2400 watches, when the body temperature was high  In Period VI
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shoi»~ routine (fig 8). an improvement in performance (mean group
absolute score tising from 8 51 to 1C 87 minutes) 1s reflected in
lowered subscore coefficients of variation. but here, too, the sub-
score coefficient of variation for the 0800-1200 watches was greater
than that for the 1300.1700 watches

]

The cotrelation between Link Trainer performance and body tempera-
ture was never very distinct for the group as a whole and is manifested
only @' little better in the subscore coefficients of variation than in
the absolute, ot even percentage, group mean scores for the different
watches of the successive periods. A more direct relatioiiship between
body temperature and Link Traines pexformance will be discussed later
in connection with body tempetature levels of the severaI‘sdBJects

Reactjon t.me to combination of 11ghts - This test requzred no
manual skill, involving only an ability to count, in the shortest .
possible time, the number of lighted lamps and then to make a choice
as to which of two keys to press Alertness had been maintained for
two seconds, the interval between the "get.ready" signal ‘and the
turning-on of the lights In between the 15 successive presentations
of the different combinations of lights, the subjecfs could and did
relax 5oL

The mean scores of the nine subjects are given ir table 2. The
reaction time of the fastest-responding subject was just under one-
half of a second, with the slowest man requiring, on the average, a
tull second for the same task. Aftex Period IV, a new, more varied
and longer series of light combinations (not completely. exhausted
duting a single test) was introduced, as the subjects seemed to be
able to foretell some of the successions of light patterns. This led
0 a shavp i1ncrease 1in group mean reaction time during Period V,
followed by a renewed drop in Period VI. It 1s perhaps significant
that 1n Peviod VII, when the daily routine was practically, inverted
and the group body temperature adjustment was least satisfactory,
there was no ptactice decrease in reaction tame.

It will be seen from table 2 tha*t the rank order of the subjects
with respect to speed of response was fairly well maintained through
the successive periods of changing ioutines. Subject 6, whose scores
for Link Trainer performante wete lowest, also holds last place in
this series., However, subject 3, ranking sixth in the Link T ainer
scotes was fastest in ‘esponding to the light signals {being second
only to subject 10 who did not patticipat: in the Link Trainer tests).
Thus, 1t appeais that entitely different personality factoxa ate
needed fo' good perfoimanie 1n the two tests. This will be further
substantiated when the colo® naming scores ave ptesen{ly ‘examined

Concening diutnal variation 1in reaction time, 1t was found to
be just as esratic during the night hou:s of Period II, dogged watch
routine, as wete the variations in Link Trainer petformance. However,
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during the usual waking span of the diurnal period, from 0800 to 2000,
there was, as can be seen from figure 13, a very close association
between the height of body temperature and the quickness of response.
To equate the differences in individual reaction times, each subject’'s
scores were converted into percentages of his own mean score, and the
correlation coefficient between the group mean body temperatures at
different hours of the day and the mean group percentage reaction

time scores at corresponding hours was found to be -0.9472, statis-
tically highly significant (P{0.01). Alertness, expressed as a
reciprocal of the reaction time score, can then be said to have varied
directly with the body temperature during the hours of 0800 to 2000.

For Period III, "4-on, 8-of f" routine, the two equally.spaced
watches, 0000-0400 and 1200-1600, of fered the greatest diurnal body
temperature contrast. As the subjects were tested twice during each
of the two watches, every individual furnished four daily mean body
temperature readings and corresponding four mean reaction time scores,
36 pairs of figures in all. The deviations of each of the four mean
body temperatures from their own global mean, in one-hundreds of a
degree F., and the percentage deviations of the concurrent mean
reaction time scores of that individual from their own mean, expressed
as 100 per cent, are shown in figure 14 as 36 dots distributed
unequally in the four quadrants, but predominately in the upper le.ft
and lower right ones. The correlation coefficient between these
two groups of 36 variates 1s -0.4723, rather low, but statistically
highly significant (P{0.01), in view of the large number of pairs
involved. That means that higher body temperatures were associated
with lower reaction times, or faster responses.

Another comparison between the scores for the two watches of
Period III was made by plotting the mean group scores for the
successive 15 trials of each test (fig. 15). The two sets of 15 mean
trial scores arrange themselves into rather irregular, but closely
parallel, graphs. The irregularities suggest a tendency to slower
responses during the first half of the test, followed by recovery
later, but all the 15 mean trial reaction time scc:~s for the
1200-1600 watch, when the group body temperature was higher and
rising, were smaller than their counterparts for the 0000-0400 watch,
when the body temperature was lower and falling. The mean difference
between the two sets of 15 scores was 54 milliseconds, and its "t'value
of 5.93 made it highly significant statistically (P€0.001).

In Period IV, first close watch routine, the patterns of graphs
representing the two sets of 15 mean trial scores for the two frac-
tions of duty hours, 0800-1400 and 1400-2000, differed somewhat from
those of Period III (fig. 15), and they crisscrussed in scveral places.
The mean difference between the two sets of scores was tiny and with-
out statistical significance. In Period VI, shore routine, the
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15 scores of the 1300 1700 watch, when the group body temperature

was high and steady, were, on the average, slightly but significantly
smaller (by 11 milliseconds. with a "t" value of 4. 17 and P{0 001)
than were those for the 0800-1200 watch, when the group body temper-
ature was lower (fig. 15) There are thus two indications, one
direct and the other indirect, that higher body temperatures are
associated with greater alertness

Color Naming - Unlike the other two tests, the color-naming
test required neither manual skill nor extreme momentary concentra-
tion of attention. The colors were loudly named as they presented
themselves tc the continuously scanning eyes of the subject, and
there was plenty of opportunity to "peek" at neighboring squares,
soon to be named by their proper colors. Verbal ability, entirely
without influence on performance in the other two tests, seemed
important in color naming. Memory for certain successions of colors
also undoubtedly affected the scores. After Period IV, a new and
more difficult set of colors was adopted, with the result that the
time required to name them was markedly increased, and these higher
scores prevailed for the subsequent periods. Indeed, during
Period VII, close watch routine with compulsory wakefulness between
midnight and noon, was actually increased (though not by a statis-
tically significant amount), instead of merely being left unchanged,
as with the reaction time score - another indication of lack of
adjustment to the inverted routine of this period

The range of the mean scores of the nine subjects was smaller
than that for the reaction time scores The need for certain
persanality factors in the performance of the color naming task
was demonstrated by the fairly consistent ranking order of the
subjects 1in successive periods of observation (table 3). Of the
e1ght subjects who participated in all three tests, subject 6 ronked
highest (smallest mean score) i1n the speed with which he called off
the different colors; but he was the pootest performer in both the
Link Trainer and reaction time. On the other hand. subject 7, whose
performance 1n the Link Trainer was highest, and who was only slightly
less than the best in reaction time was next to the last in color
naming Pethaps he was adversely affected by the apparent lack of
challenge to his capacities in colot naming, while other subjects
may have found great satisfaction in being able to call off the
colors at a high speed. It shouid be mentioned at this point that
no attempt was made to prevent the subjects from learning their
scores in any of the tests, although no information was routinely
given out and no subject was praised or scolded. Some, however,
showed a marked interest not oniy in theitr own scores, but also in
those of others, and occasionally expressed gratification when
their performance was superior and concern when it was not.
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Peculiarly, it was only during Period II, dogged watch routine,
that the mean group color naming scores revealed a good association
with body temperature figures, and this held for tests all around the
24 hours, instead of only during the waking fraction, as with reaction
time scores. In figure 16 are the graphs of 12 successive mean group
body temperatures and the corresponding mean group color naming scores.
The correlation coefficient between these two sets of variates is
-0.8874, statistically highly significant (P{0.01). During the other
periods the intersubject variations were too great to yxeld distinct
watch differences for the group as a whole.

Body temperature Jevels.- Body temperature levels may be defined
as the mean body temperatures of individusls or groups, for a day or a
longer time interval. From the figures available, the daily body
temperature level of each subject was obtained by averaging the ten
temperature readings, and, thus determined; the level was a little too
high, as fewer readings were made at night, when body temperatures are
low, than in the daytime. It was considered undesirable to interrupt
the night's "long" sleep more than once for the purpose of obtaining
body temperatures.

There was a gradial rise in individual and group body temperature
levels durings Periods I to IV (table 4), from 97.99 degrees in the
beginning of April to 98.27 degrees at the end of June, as the mean
external temperature increased from a mean of 61.5 to one of 79.3 degrees
for Periods I and IV, respectively, confirming previous observations on
seasonal variations in body temperature {6). In July and August, the
group body temperature level varied only from 0.02 to 0.06 degrees
during Periods V to VIII. Individual subjects seemed to maintain their
ranking order, with only m:nor deviations, through the successive
periods. Thus, subject 7, with the highest mean body temperature
level, was in first place in 5 periods, second in 2, and tied for
second place in one, while subjec* 10, with *he lowest mran level, was
in ninth (last) place in 5 periods. eighth i1n one, and seventh in two.
The subjects differed from each otk~=r also in the seasonal stability
of their body temperature levels, those with higher spring temperatures
tending to vary less. In this respect 1t was possible to divide the
group into two sections, the first section, subjects 2,7,1,4 and 8,
having, in general, higher and less vaiiable body temperature levels
than the second section, subjects 3.5,6 and 10 (fig. 17). The body
temperature level differences of the two sections, though gradually
decreasing during Periods I through IV, persisted in all eight periods
of observation, the mean difference amounting to 0.11 degree F. and,
with a "t" value of 3.67, statistically highly significant (P{0.01),
As can be seen from table 4, the mecan interperiod body temperature
level fluctuation was 0.075 degree for the first section, and 0.114
degree for the second. Neither the mean diurnal period maxima, nor
the minima, of the two sections varied as consistently as did the
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levels, the mean differences for all the periods being without
statistical significance. However, the section differences in body
temperature levels, when proncunced, are more definitely associated
with marked differences in section temperature maxima than in minima
(fig. 17). In other words, the section body temperature differences
manifested themseives more distinctly during the wakirg hours than
during sleep.

It is possible further to subdivide the two sections as regards
body temperature. In the first section, the successive period body
temperature levels of subjects 2 and 7 were higher than those of 1,

4 and 8, the mean difference for the eight periods being 0.16 degreeF.
(™t" value of 7.02, P{0.001). In the second section, the mean body
tempcrature levels of subjects 3 and 5 were likewise consistently
higher than those of subjects 6 and 10, with a mean difference that
was also 0.16 degree ("t" value of 4.75, P 0.001).

Variation ir the consumption of coffee was quite marked for the
group as a whole from one period to the next, but even more so among
the several subjects. From table 5, it can be seen that subjects 2,
7,1,4 ard 8, with higher body temperature levels, were, by and large,
heavier coffee drinkers (946 cups) than subjects 3,5,6 and 10 (204 cups).
Ir addition, there were considerable differences between the number of
cups of coffee consumed "on-duty®” and "off-duty’, although the daily
16-hour waking period was about equally split into these two fractions.
More coffee was consumed during the watch hours, but the disparity was
much greater for the second section (vatio of "or" to "off" being
nearly 5:1) than for the first section (ratio of 3:2). Individual
subjects showed distinct preferences in the incidence of coffee drink-
ing. Thus, subject 1 drink twice as much coffee when not on watch
(209 cups to 97), while for subject 2, an even heavier consumer of
coffee, the ratio was about the same, but in favor of the watch hours
(249 cups to 115). For the other subjects of the first section, 4,

8, and 7, the relative preponderance of "on-duty"™ coffee drinking was
even greater than for subject 2, the ratios beirg over 3,4,and §,
respectively. Among the second section subjects, individual preferences
were even more extreme. Subject 3 drank more coffee while off duty
(ratio of 3:1), the coffee consumption of subject 6 was negligible at
all hours, whereas subjects 5 and 10 drank almost all their coffee
during watch hours. Indeed, subject 10, with the lowest body tempera-
ture level, would qualify as a heavy coffee drinker, his total of 103

cups consumed on duty accounted for three-fifths of the coffee taken
by the second section during watch hours.
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DISCUSSION

The results obtained on the Navy recruits constituting the
subjects of this study were in general agreement with findings on
civilians observed under laboratory conditions. Body temperature,
within the normal limits set by the hypothalamic regulating centers,
is continuously affected by endogenous and exogenous influences.
Among the former, muscular activity, tonic (postural) and phasic
(overt), varying with the pattern of living, particularly the
alternation of sleep and wakefulness, leads to the establishment of
a regular diurnal body temperature curve, with a range of one to
two degrees F., rhythmic in character and resisting modification,
displacement, or inversion. An obvious exogenous influence is the
changing ambient temperature which leads to seasonal fluctuations
in body temperature, with highs during the summer. Aside from these
regular and irregular modifying influences, there are individual
differences in body temperature level, with respect to both magnitude
and stability. Such differences, reported previously (6), were
substantiated by the fairly clear separation of the subjects of this
study into two sections, of which one had a higher and more stable
body temperature level than the other.

Concerning the diurnal variation in body temperature, the subjects,
individually and collectively, while on a shore or "office" schedule
of watches (0800-1200 and 1300-1700), yielded typical curves, with
ranges of about 2 degrees F. (fig. 1). With the rotating rcoutine of
"dogged™ watches, followed for nearly three weeks, the usual diurnal
body temperature curves were left intact, save for a slight shift
in the incidence of the daily maxima, probably related to the advent
of warmer weather, The latter was also mainly responsible for the
decrease in the range of the diurnal body temperaiure variation, as the
smeller range persisted throughout the summer, irrespective of the
watch schedules. However, on the rotating watch schedule, the 0400 mean
body temperature of the subjects, awake and on duty, was 0.8 degree
higher than when this schedule permitted them to sleep through the
night, and this difference can be ascribed to the body temperature
elevating effect of wakefulness and activity. Yet the same 0400 mean
body temperature of the group, awake and on duty, was 0.7 degree [ower
than the 1600 temperature, under conditions requiring an equal degiee
of alertness, and this difference can be explained by the persister.e
of the diurnal body temperature rhythm, aided, to be sure, by the
unchanged schedule of meals, the skewed distribution of the hours of
sleep, evening recreational activities, etc. The comditions, with
respect to the above-mentioned influences, were not much at variance
with thossprevailing on surface warships, and the preservation of the
usual diurnal body temperature pattern could be, and was predicted, but
here it was demonstrated as an actual occurrence for the first time.
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In any case, under service conditions requiring an equal if not
greater alertness at 0400 than at 1600, there was a marked disparity
in the mean group body temperatures at these two hours. Was there

a difference in performance? An examination of the Link Trainer
scores for this period showed that during the 1200-160G watch the
scoses were highest and the subscores least variable. The latter
feature is hard to evaluate in the light of present information, but
it will be recalled, that uniformity of Link Trainer operation during
the ten successive 2-minute intervals, obligatory though it was for
very high scores, held true for all levels of performsnce, for all
subjects, for all periods, higher scores always being associated
with lesser subscore variability. Performance during the 1200-1600
watch was thus best, by these two criteria. It was disconcerting,
however, to find that scores obtained during the 0000-0400 watch
were not as low as could be expected. Perhaps it was a group effort
to excel, aided by a higher consumption of coffee during that watch,
that served to compensate for and to overcome the inefficiency
associated with low body temperatures. What might happen under
hundrum conditions of every-day watch standing, was shown by the
performance of the group in reaction time and color naming. For

the forme:, demanding only momentary spurts of attention, performance
varied directly with body temperature during the customary waking
hours, but not at night, while color naming, which comes closest to
being a routine and uninteresting task, correlated with body tempera-
ture at all hours of the day and night. It may be said, then, that,
although the results were far from consistent, variations in perform-
ance during the dogged watch period confirmed the validity of the
temperature method of gaging alertness.

Further evidence in this direction may be found in the body
temperature curves and performance scores of Period III (fig. 5),
when the group was on a "4-on, 8-0ff" watch schedule. Link Trainer
performance was getting poorer during the 0000-0400 waich, when the
body temperature was falling, and improving during the 1200-1600
watch, when the body temperature was -ising. The uniformity of
operating the Link Traine: was much greater in the afternoon than
after midnight (fig. 12). On the other hand, much more coffee was
consumed between midnight and 0400 than between noon and 1600. The
extra cof fee intake may have m:nimized the difference between the
performance scores in the two watches and is, at any rate, an indirec.
indication of a lower alertness during the night watch. Reaction
time to lights was also better in the afternoon (fig. 15), and here,
too, it 1s impossible to say how much greater the difference might pave
bosn 1f coffee consumption had been prohibited or equalized in the
two watches.
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The validity of the temperature methud was also supported by the
hitherto unexplored data on individual characteristic temperature
levels. If body temperature is to serve as index of efficiency, those
with higher temperature levels should show better performance. In
separating the group into two sections with respect to body tempera-
ture levels (fig. 17), it was quite unexpectedly found thai the section,
where temperature level was higher and less variable performed much
better on the Link Trainer than did the other section, and, of the
tests employed, the operation of the Trainer came closest to the
requirements of military duties. The difference in Trainer performance
wes especially striking when one compared the scores of subjects 7 and 6
The former, with the highest body temperature level of the entire group,
ranked first in Link Trainer operation, both as regards the magnitude
of scores and the uniformity of the subscores. whereas subject 6, with
the lowest body temperature level (except for subject 10 who did not
run the Trainer) ranked last.

The fact that the relationship between the height and stability of
the body temperature level and excellence and uniformity of performance
held for the Link Trainer operation and not for the two subsidiary tests
has a two-fold significance. First, it suggests that an activity which
requires memory, muscular coordination. an ability to attend to several
indices simultaneously, as well as a prolonged maintenance of effort, is
the type of activity where a high body temperature level shows its
influence best. Second, it brings out the bearing which the type of
test may have on the ranking of the subjects If only one or two of the
tedts had been used to rank the subjects, the results might be quite
different than they were. By the color naming test, subject 6 would
rank highest in the group, and subject 7, next to the last (table 3).

On the other hand, subject 6 ranked last not only in Link Trainer per-
formance (table 1). but also in reaction time (table 2). Thus, it can-
not be concluded that a man who ranked highest in a certain test was the
best man in the group. It appears rather that there were several
"best” men, each having talents that permitted him to excel .in one type
of activity. One man may qualify best for a job requiring sporadic
bursts of attention (reaction time)., another may do best at monotonous
repetitious plodding (color naming). while a third is particularly
fitted for complex many-sided tasks, exemplified by Link Trainer
operation. A square peg should not be pushed into a round hold

Another difference between the two sections was in the . respec-
tive consumption of coffee (table 5) The members of the first section
drank, on the average, nearly three times as much coffee. during watch
hours, as did those of the second section Fkor the off-duty hours.
the disparity between the two sections was even greater. the ratio
rising to 8:1. That the situation was far from simple. however, carn
pe seen from the scores of subject 10, who ranked highest in performance
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'n beth reaction t.ume and color naming, whi'e his mean body tempera-
tute level was the lowes: of the enti-s group Although this combina-
Tion 15 not in contradict:on with the fondings on the other subjects
~+he-e the relationship between bedy temperature level snd petfoxmance
#as found to apply to the Link Tra;ne' ope-ation from which subject %0
vas excluded®, zt should pe poirted®out tha* this unusual perSormer
wat the only heavy coffee drinke: in the low level body temperature
section Dud the coffee help him® O: in general, was g-eater coffee
consumption, (a part. the cause of the higher body temperature levels o
of the first section, or did the men of that section distover, by trial
and ezro:z. that coffec con*ributed to the.r alertness and improved
their perfoimance?

fhile the group fa-led to flatter its diurnal body temperature
cu've on the dogged watch schedule, 1*s adjustment to other schedules,
as judged by the diurnal bady tempe-atu-e curves, was better, the less
of a shift they involved f-om the usua!l shose zoutine. It must be
admitted that the community patze:n of living (meals, recreation, etc.}
made adjustment to the several watch schedules hardesr than it would be
cn board shap, particularly a subma:ine. Thus, as coyld be expected,
ieast satisfactory edjustment occared during Pesiod VET, when the
watches were distributed between midnight and noon It will be recalled
that during this period the mex:mum body temperatures werc attained at
1209, the hour of going *o bed. instead of in the m.ddle of the daily
waking hours, as on other :outines “fig 10' The pezsistance of the
normal diurnal body temperature curve during this period was also
revealed in the matutinal upswing of the body remperature shown by
each subject at 0600 Ano*he: evidence of maladjustment was the lack
of practice improvement in reaction time, and even come regression in
color naming, that occurred du:ing this pe:iod. '

The mean daily duration of sleep seemed to be related to the
inciderice cof the hours of duty on *he diffesen watch schedules The
control ar "normal™ value for Periods 1 and VI, shore routine, was’

8 ¥ hours There was an increase, reipectsvely. to 8.48 and 8.55 hours,
during Periods 111 and V, when the subjects followed a ™4-on, 8-of f"
schedule of watches The dogged watch rout.ne, with the hours of ‘sleep
cmang:ug daily, led to a somewnat greate- :ncrease :n the duration

of sleep, tv 8.66 hours, while after-duty tecreational activities in
Period 1V, caused a postponenent of the hour of retiring., the duration
of sleep peing shortened to 7.5 hours None of these deviations from
the normal amounted to much more than ha'f an hour,; either way, put 1in
Period VIII, when the men were free to sleep between midnight and noon,
the mean duration of sleccp was 10 ! hou s. or just two hours longer
than usual This _c a good indication of how much mo:e sleep men will
indulge in when there is nothing else +0 do. 1.e., when the off-duty
hou:s do not coincide with the rec.eacional hours of the community.
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There certainly was nothing about the required activities, during
Period VIII, that might have tired the subjects more than in other
periods and thus result in a greater need of sleep and rest. Escape
from boredom is probably the best explanation of the additional two
hours of sleep.

Another unexpected finding was the failure of the body tempera-
ture to reach the same mid-sleep minimum, on a shore routine of
living, in July, as it did in April, in spite of the fact that the
temperature and humidity of the air in the sleeping compartment
were the same during these two months. The relatively cooler eve-
nings in April brought the mean group body temperature down .u 98.03
degrees at 2200, while the warm evenings in July kept the temperature
at 98.48 degrees at the same hour. But four hours later, the midsleep
temperatures were, respectively, 96.68 and 97.45 degrees, a difference
of 0.77 degree, . instead of 0.45. This greater difference was also
in evidence at 060G, the hour of getting up. No explanation of this
accentuated temperature drop during sleep can be offered at present.

In conclusion, it should be pointed qut that the validity of the
temperature method was tested only with respect to performance and
behavior. No attempt was made to have the men give a subjective
evaluation of their changing states of aleriness or fatigue, as it
was held that they would be swaved in their judgment by a positive
or negative emotional attitude toward one or another schedule of
watches.

SUMMARY

1. The diurnal body temperature curves of nine Navy recruits
were modified, in a few days, to conform to a variety of experimental
watch routines. The adjustment was better, the less the deviation
fron the usual watch schedule. There was no adjustment to the
dogged watch routine which is followed on large surface warships.

2. Color naming, and to a lesser extent reaction time and Link
Trainer performance, showed a diurnal variation, particularly on the
dogged watch routine, the only one which permitted testing around
the clock. Though the results were not always clear-cut, in a
general way, the higher the body temperature, the better was the
performance.

3. In operating the Link Trainer for 20 minutes, the higher
the total performance scores, the more uniform were the 10 subscores
for successive two minutes of testing.

4. During the entire experiment there was a remarkable mainten-
ance of rank by each subject in the scores of the three tests, but
high ranking in one test was sometimes associated with poor placing
in another. No subject excelled in all three tests.
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5. The group could be divided into two sections, with respect
to their body temperature levels: one section had higher and less
variable daily mean body temperatures than did the other

_ 6 The sectiony with the higher body temperature level also had
higher performance scores on the Link Trainer, suggesting a new type
of temperature index of efficiency.

7 Consumption of coffee was very uneven, varying with (a) hours
of the day, (b) watch routines, and (c¢) individual subjects. Rela-
tively more coffee was consumed during watches in which the body
temperature was low and falling. The high body temperature level sec-
tion drank over three times as much coffee as did the other section.

8 buring sleep, the pody temperature did not fall as low in the
summer as it did in the spring, in spite of the fact that the tempera-
ture and humidity of the air in the sleeping compartment were identicel
at all times.

9. The duration of sleep, under various watch schedules, did not
deviate by more than half an hour, one way or the other, from the con-
trol value of 8 hours; except that in one period; when the leisure hours

were mainly in the forenoon, the mean duration of sleep was over 10 hours.
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Figure 1  "SHORE" ROUTINE OF WATCHES, with hours of duty (indicated
in thick lire) 0500-1200 and 1300-170C, for PERIOD I,
11 April to 6 May. 1949

TOP  Mean diurnal oral temperature (°F) curve of group of nine (9)
subjects

MIDLLE Total number of cups of coffee consumed by group in su:‘ces-
sive two-(2) hour intervals during the entire period.

BOTTOM  Percentage dastribution of incidence of sleep (shaded area)
and waxefulness /light area), respectively, for successive
hours of night and day. based on 4656 man-hours.

Mean hours of sleep per man per twenty-four (24) hours--8.11.
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Figure 3 - "DOGGED" ROUTINE OF WATCHES, with hours of duty rotated

around the clock, four (4) or two (2) hours at a time,
and a total of twenty-four (24) hours of duty in ninety-
six (96) hours of elapsed time (i e four days) for
PERIOD II. 9 May, 1949

TOP:  Superimposed mean diurnal temperature (°F ) curves of group of

same subjects as in figure 1. with temperatures during ON duty

hours in thick line. and those during OFF duty hours, including

MIDDLE

BOTTOM

sleep, in thin line

Total number of cups of coffee consumed by entire group in
successive two-(2) hour intervals., ON duty (upper portion)
and OFF duty (lower portion)

Percentage distribution of incidence of sleep (shaded area)
and wakefulness (light area), respectively, for successive
hours of night and day; based on 3456 man-hours A twenty-
five (25) per cent minimal wakefulness /shown by line), was
imposed by the requirements of the "DOGGED" routine of
watches

Mean hours of sleep per man per twenty four (24} hours. -8 66




98 5Y - Figu:ze 3

98 0.

97 5°.

29 <

10 ~

100 -

60 -

40-

20 =

‘hours?

0 2 e 2 a- 4 o 8 e
0 2 4 6 8 10 12 14 16 18 20 22 24




"P0o149d £Op - 10} YODO 40 PunyDIadwW; IDUI9X0 UDIW

"§9Ydiom o duynos 4339900,
4 JO $pO|sad ADP (- p) 10} BAI$89I0NS (p) 4noj uy dnoab jo seAIND (4,) 9an}0I9dWa; |DIO 10UINIp UDBW. b NP1y
$iN0OK

%83 9 o%z 8 a 9 ovz @ 2 9 Q¢vec 8 21 9 o 026
08" #buoy 90"l 2Buoy 1€1 9buny - G2'| 9buoy
adel9 o deEL wdeld +306G
4
-S16
‘ _

-0'86

AN

&——— kOND2- 12 > & AoNOZ- L) — & koW 9l-¢) —> € fowzi-6 ——

-S'86

FauARBCAT we e 0 e Al




Figure 5.- “4-ON, 8-OFF" ROUTINE OF WATCHES, with hours of duty
0000-0400 and 1200-1600, for PERIM III, 4 June to
18 June, 1949,

TOP:- Same as in figure 1.

MIDDLE: Same as in figure 1.

BOTTOM: Same as in figure 1.

Based on 3048 man hours.

Mean hours of sleep per man per twenty-four (24) hours--8.48.
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Figure 6.- "CLOSE' ROUTINE OF WATCHES, with hours of duty 0800-1100,
1300-1600, and 1800-2000, for PERI(D IV, 19 June to 1 July,

1949.
TOP: Same as in figure 1.
MIDDLE: Same as in figure 1,
BOTTOM: Same as in figure 1.

Based on 2616 man-hours

Mean hours of sleep per man per twenty-four (24) hours--7.5.
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Figure 7 - 74.0N. 8-OFF" ROUTINE OF WATCHES, with hours of duty
0800-1200 and 2000-2400, for PERICD V, S5 July to 17 July,
1949,

TOP: Same as in figure 1.
MIDDLE: Same as in figure 1.
BOTTOM: Same as in figure 1.
Based on 2644 man-hours.

Mean houts of sleep per man per twenty-four (24) hours--8.55.
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Figure 8.  "SHORE ROUTINE OF WATCHES, with houts of duty 0800-1200
and 1300-1700, for PERIOD VI, 18 July to 7 August, 1549,

TP: Same as in figure 1.
MIDDLE. Same as in figure 1.
BOTTOM: Same as in figure 1.

LT e A Hoh i A N el i

Based on 4224 man-hours.

Mean hours of sieep per man per twenty-four (24) hours--8.05,
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Figuie 9.- Comparison between mean diurnal temperature curves of

group during two (2) periods of "SHORE routine of
watches.

UPPER CIRVE: Taken from figure 8, showing a range of 1.20°F., is

for Period VI of 18 July to 7 August, 1949; when the
mean EXTERNAL air temperature was 82.6°F.

LOWER CURVE: Taken from figure 1, showing a range of 1.88%F., .is

for Period 1 of 11 April to 6 May, 1949; when the mean
EXTERNAL air temperature was 61.5°F.

The mean difference between the two (2) sets of tempersture curves
was 0.359F., statisticaily highly significant (P<0.01),
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Figure 19... "CLOSE' ROUTINE OF WATCHES, with hours of duty 0000-0200,
0400-0700, and 09001200, for PERIOD VII, 8 August to
21 August, 1949,

. TOP: Same as in figure 1,
MIDDLE: Same as in figure 1.
BOTTOM: Same as in figure 1.
Based on 2784 man-hours.

Mean hours of sleep per man per twenty-four (24) hours--8.4.
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Figure 11.- " CLOSE" ROUTINE OF WATCHES, w:th hour:z of duty 1200-1500,
1700-2000, and 2200-2400, for PERIGD VIII, 22 August to
2 September, 1949.

TOP: Same as in figure 1.

MIDDLE: Same as in figure 1.

BOTTOM: Same as in figure 1.

Based on 2592 man-hours.

Mean hours of sleep per man per twenty-four (24) hours--10.1.
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Figure 12.-

Variations in the group meen percentage subscores for
ten successive 2-minute intervals of the 20-minute
tests of Link Trainer performance, for Periods II to VI,
inclusive. The actual absolute mean group scores, in
minutes, are given next to the period number, the mean
group subgcores being 0.1 or 10 per cent of actual
scrves. The mean percentage subscores, always ten per
cent irrespective of the absolute score vealues, are
represented by horizontal broken lines rumning through
the 13 graphs, The numerical values placed above the
graphs are the coefficients of variation (in per cent)
of the mean group percentage subscc.es for the watch
periods indicated under the graphs.

The more variable the ten percentage subscores,
the higher the coefficients of veriation. Note that
the highest subscores were always attained during the
first 2-minute fraction of the 20-minuce test and was
usually followed by a sharp decrement. The subsequent
fluctuations are, in part, due to the characteristics
of the pattern the subjects were required to follow in
operating the Link Trainer during a particular period.

Note the difference in scale between the graphs
for Period II and those for all subsequent periods.
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Figure 13.-

Variations in group mean oral temperature (solid line),
taken at the time of test administration during Period II,
‘dogged" watch routine, and concomitant variations .in
group mean reaction time to diffsrent combinations of
lights, expressed as percentage of total group mean
(broken line). The correlation coefficient between these
two variates was -0.9472 (P<0.01).

(It will be noted that the correlation shown applied

only to tests made during the usual waking hours, from
0806 to 2000.)
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Figure 14.- Dots represent deviations of mean individual oral

temperatures taken at the time of test administration
from the total mean testing tim:> temperature of each
subject (in one-huxdredths of a degree F.) and con-
comitant percentage deviations of the mean individual
score for raaction time to different combinations of
lights from the total mean reaction time score of that
subject, during Period III, 4-on, 8-cff” routine,
hours of duty, 0000-0400 and 1200-1600. Each subject
furnished four combinations of temperature and reaction
time deviations, meking 36 in all.
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Figure 15.- Group mean scores (in one-hundredths of a second) for g
reaction time to different combinations of lights, for ;
the 15 consecutive trials of this test, during Peri-
ods III, IV, and VI. Solid and broken lines correspond
to seriegs of trial scores obtained during the different '
watches of each period. §
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Figure 16.- Variations in group mean oral temperature (solid line),
taken at the time of test administration during Period II,
"dogged” watch routine; and concomitant variations in
mean time required to name 600 colors, the latter
expressed as percentage of total group mean score (bro-
ken line). The correlation coefficient between these
two variates was -0.8874 (FP<0.01).
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Figure 17.- Comparison between the mean oral temperatures of two (2)
sections of the group for successive periods of DIFFERENT
watch routines. Temperatures of subjects #1.2.4,7, and 8
are shown in solid lines; and temperatures of subjects
#3.5.6. and 10 are shown in broken lines.

TOP, MIDDLE., and BOTTOM are, respectively, histograms
of mean diurnal temperature (scele on the left) maxima,
levels, and minima of the two /2) sections. Thick line
graph in the middle porticn indicates variations in the
mean extesnal temperature (scale on the right) during the
successive periods of observation.
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APPEND IX
SANPLE GF RECORD SHEET THAT WAS FILLED IN DAILY BY EACH OF THE SUBJECTS
Name :
Date.
0000 0200 0400 0600 0800 1000 1200
Activ-
ity
IINEI IR RN NN NN RN RENEE 11 111 111
Temp.
1200 1400 1600 1800 2000 2200 2400
Activ-
ity
AR EE RN IR NN R RN RN RN RN NI NI ENI ]
Temp.
Remarks:
Code-

:-----.---------Sleep

- 4 (big meals) .....Eating

4 (small meals),...Lkating
snacks

D ecoecocscocsossnnsnne Duties (nOn
recreational)

R.'.'.'.'.".....I.'.Reading
wo..u...........----Writing
&.ﬂﬂ'...............&ll gams or

similar activity

H """""Liberty
H-ouu.oooooLink Trainel'

Lounging (not
asleep)

L.lll.l.ll...l...ll

G ...‘..........‘...Cards ot games
t ..................Tea
c.............u.uCoffee or coke

8 s0000060060000c0000s Liquor or beer

v epgy
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